The long-standing essential hypertension causes renal injury.
1 There is no doubt, however, that other factors besides elevated blood pressure contribute to the development and progression of hypertensive nephropathy (HN). 2 To shed more light on this issue, we performed a case-control, cross-sectional study to identify determinants of renal complications of essential hypertension correlating them with surrogate markers of kidney injury in hypertensives presenting microalbuminuria or proteinuria. To assess the enhancement of kidney involvement, von Willebrand factor (vWf) plasma activity, albuminuria and N-acetyl-b-D-glucosaminidase (NAG) excretion were determined as markers of endothelial, glomerular and tubular injury, respectively. The excess of kidney fibrosis was indirectly evaluated by urine excretion of transforming growth factor b-1 (TGF-b1), the most potent profibrotic cytokine. [3] [4] [5] The detailed screening of medical history of over 6000 patients from four renal outpatient centers in Austria and Poland was performed. The main inclusion criteria were as follows: in the history: long-standing essential hypertension preceding the onset of proteinuria by minimum 10 years, proteinuria below 2.0 g/24 h, normal urine sediment, the presence of either hypertensive retinopathy or hypertensive left-ventricular hypertrophy; at the time of evaluation: the presence of microalbuminuria or macroalbuminuria in two independent urine spot samples. Only subjects whose antihypertensive regimens and lipid-lowering agents doses were not modified in the past 6 months and those with serum creatinine level below 1.5 mg/dl were included. Patients with diabetes, chronic pyelonephritis, primary glomerulonephritis, and peripheral arterial disease were excluded. Finally, 82 patients were recruited to the case group defined arbitrary as HN. In 23 of 82 individuals, the diagnosis of HN was confirmed in the histological examination demonstrating nephroangiosclerosis. The control group contains 41 age-and sex-matched healthy subjects (2 : 1 relationship), without hypertension and any signs of kidney damage. There were 52 current smokers in the case group and 23 among controls.
The venous blood for determination of serum creatinine, plasma homocysteine (Homocysteine Microplate STE, Diazyme, San Diego, CA, USA), lipids, glucose, insulin (Insulin, Biochem Immuno System Bologna, Italy) and vWf plasma activity (Reaads, Corgenix, Westminster, USA), was drawn in the morning after fasting overnight. Albuminuria (average of two measurements on different days) (Albumin, Immundiagnostik, Bensheim, Germany), and TGF-b1 excretion (Quantikine, R&D Systems, Minneapolis, MN, USA) were analysed in the first morning urine. The second morning urine was collected for the measurements of NAG activity (NAG, Roche, Mannhein, Germany). The office trough blood pressure was calculated as the average of at least three determinations carried out on 2 different days. The homeostatic model assessment insulin resistance index (HOMA-IR) was calculted to assess insulin resistance by the formula (fasting glucose (mmol/l) Â fasting insulin (mU/ml)/22.5). Patients' smoking habits were recorded based on self-administered questionnaire. The results are expressed as mean7SEM. Data were evaluated using STATISTICA version 6.0 (Stat Soft Inc., Tulsa, OK, USA).
The patients with HN were characterized by significantly higher body mass index (BMI), systolic and diastolic blood pressure, HOMA-IR index, fasting plasma insulin, uric acid, homocysteine and triglycerides concentrations in comparison with controls. Albuminuria was statistically higher in patients with HN than in control subjects (287.57 42.1 vs 1.8470.25 mg/g creatinine; Po0.001). Table 1 shows the presence of statistically significant univariate correlations between albuminuria and age, systolic and diastolic blood pressure. Higher albuminuria was also observed in smokers compared to nonsmokers (157.5729.9 vs 47.8715.4 mg/g creatinine; Po0.05), in patients with hypertension lasting at least 30 years compared to those with hypertension lasting less than 15 years (260.4776.9 vs 48.07 6.6 mg/g creatinine; Po0.001) and in male patients compared to female patients (154.4732.2 vs 67.07 15.9 mg/g creatinine; Po0.05). In the multivariate analysis (analysis of covariance) involving age, sex, smoking, systolic blood pressure, diastolic blood pressure, hypertension duration as predictors and albuminuria as an outcome variable, a significant correlation was revealed between albuminuria and diastolic blood pressure (Po0.05; b ¼ 0.29), and smoking (Po0.05; b ¼ 0.027).
Plasma vWf activity was statistically higher in patients with HN than in control subjects (164.079.7 vs 86.574.6%; Po0.001). Urine NAG excretion was significantly higher in patients with HN than in control subjects (2.3570.23 vs 1.1770.11 U/g creatinine; Po0.001). Table 1 shows the presence of statistically significant univariate correlations between urine NAG excretion and age, plasma level of uric acid, homocysteine and HOMA-IR index. Higher urine NAG excretion was observed in smokers compared to nonsmokers (2.7070.31 vs 1.6570.24 U/g creatinine; Po0.05) and in patients with hypertension lasting at least 30 years compared to those with hypertension lasting less than 15 years (3.4470.51 vs 1.6970.19 U/g creatinine; Po0.001). In the multivariate analysis involving age, smoking, plasma uric acid and homocysteine levels, HOMA-IR index, hypertension duration as predictors and urine NAG excretion as an outcome variable, a significant correlation between urine NAG excretion and plasma uric acid (Po0.05; b ¼ 0.3) was revealed.
Urine TGF-b1 excretion was significantly higher in patients with HN than in control subjects (5.707 0.58 vs 1.5070.32 pg/mg creatinine; Po0.001). A significant correlation between urine TGF-b1 and NAG excretion (r ¼ 0.38; Po0.001) was revealed. In control subjects, no correlations between plasma vWf activity, albuminuria, urine NAG and TGF-b1 excretion and studied variables were observed.
The authors confirmed tobacco usage as a strong determinator for kidney injury in HN. 6, 7 Smokers presented with higher albuminuria and vWf activity, which may reflect the enhanced endothelial injury. 8 This independent relationships persisted also after adjustment for other potential risk factors in the multifactoral analyses. The question rises, however, how cigarette smoking induces renal injury. Stimulation of sympathetic nerve activity, intrarenal stimulation of endothelin-1 synthesis, and disturbances of endothelial control of vascular tone seem to play important roles in functional changes, that is, increased renal vascular resistance and diminished renal plasma flow. In addition, tobacco usage promotes development of atherosclerosis and platelet aggregation, which may also enhance hypertensive renal injury. 9 Increased systemic blood pressure per se may also cause renal damage. In the present study, diastolic blood pressure was shown to be the second independent determinator for endothelial injury in HN. It correlated with albuminuria and plasma vWf activity both in the univariate and mutifactoral analyses. Mechanical forces, such as stretch and shear stress, seem to contribute to vascular injury related to increased systemic blood pressure. Possible pathways to transduce these forces into biochemical signals include ion channels, integrin interaction between cells and extracellular matrix, and activation of tyrosine kinases. In turn, synthesis of growth factors or mitogenic agonists is increased, among which angiotensin II, TGF-b1 and plasminogenactivator inhibitor type 1 play the most important roles.
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The case groups were characterized by elevated plasma level of insulin, triglycerides, uric acid, total homocysteine and greater BMI as compared to the control group. Considering that carbohydrate, lipid and purine metabolism disturbances may induce kidney injury, the question rises as to whether the metabolic abnormalities are associated or not with the development and progression of HN. 11 In the present study, the significant independent association between uric acid plasma level and urine NAG excretion was found. It is in close agreement with the results of our previous study demonstrating a direct deleterious impact of subtle purine metabolism abnormalities on tubular injury in hypertensives. 12 These findings are in line also with the morphological, post-mortem examination of kidneys obtained from hypertensives, which demonstrated interstitial uric acid deposits similar to those observed in gouty kidneys. 13 Although resistance to insulin-stimulated glucose uptake and the degree to which the endocrine pancreas responds to this defect play a fundamental role in the development of a variety of metabolic abnormalities Univariate model analyses have revealed interesting relationships between some other parameters and outcome variables. Given that these associations were not further confirmed in the multivariate model analysis, one may assume that ageing, gender and duration of hypertension are not strong determinators for kidney damage in hypertensives. Surprisingly, a significant effect of statins (17 subjects in the case group), antiplatelet agents (15 subjects) and agents inhibiting renin-angiotensin-aldosteron system (41 subjects) on markers of kidney damage were also not demonstrated.
The important limitation of the study relate to the cross-secrional nature of the investigation, meaning participants were only observed at one point in time. Given that this design lacks information on the time sequence of events, time-dependent associations may be missed. To clearly establish cause and effect, therefore, an appropriately powered longitudinal study should be designed. Another limitation is the fact that the diagnosis of HN was based in the majority cases only on the clinical grounds. Despite diagnostic restrictions in the case group (no diabetics, and exclusion of subjects with chronic pyelonephritis, severe atherosclerosis and huge proteinuria), one cannot exclude, however, that some cases suffer rather from different nephropathies, and not from 'true' HN.
In conclusion, the present study identified smoking and diastolic blood pressure as strong determinators of endothelial/vascular injury in patients with essential hypertension. Uric acid concentration was found to be a strong determinator of tubular injury in these patients. 
